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Diet Quality Scores Inversely Associated with Postmenopausal Breast 
Cancer Risk Are Not Associated with Premenopausal Breast Cancer 
Risk in the California Teachers Study 
 
Vikram Haridass,1 Argyrios Ziogas,1 Susan L Neuhausen,2 Hoda Anton-Culver,1 and Andrew O 
Odegaard1 

 
1Department of Epidemiology, School of Medicine, University of California, Irvine, CA and  
2Department of Population Sciences, Beckman Research Institute of City of Hope, Duarte, CA 
 
Abstract 
 
Background: Evidence for the association between diet and breast cancer risk is inconsistent 
Thus, research that compares indexes of overall diet quality may provide new insight. 
 
Objective: We examined the association between diet quality indexes and pre- and 
postmenopausal breast cancer risk in a large prospective cohort. 
 
Methods: This was a prospective analysis of 96,959 women, aged 22–104 y, in the California 
Teachers Study cohort (1995–2011). Diet quality was characterized by 4 different indexes. 
Specifically, we examined Alternate Mediterranean Diet (aMED), Alternative Healthy Eating 
Index–2010 (AHEI-2010), Dietary Approaches to Stop Hypertension (DASH), and Paleolithic 
index (PALEO) scores with the risk of developing breast cancer. We used multivariable Cox 
proportional hazards regression models to derive HRs and 95% CIs for breast cancer risk. 
 
Results: In the analysis of 42,517 women at risk of premenopausal breast cancer, there was no 
association between any of the indexes and incident breast cancer (346 cases). In the analysis of 
54,442 women at risk of postmenopausal breast cancer at baseline, higher AHEI-2010, aMED, 
and DASH scores were inversely associated with incident breast cancer (3523 incident cases). 
Respectively, HRs (95% CIs) comparing quintile 5 to quintile 1 (reference) for AHEI-2010, 
aMED, and DASH indexes were 0.87 (0.78, 0.97; P-trend = 0.004), 0.91 (0.82, 1.02; P-trend = 
0.03), and 0.89 (0.80, 1.00; P-trend = 0.03). The PALEO score was not associated with 
postmenopausal breast cancer (HR for quintile 5 compared with quintile 1: 1.05; 95% CI: 0.94, 
1.17). 
 
Conclusions: Diet quality indexes that emphasize intake of whole grains, vegetables, fruits, 
legumes, and nuts and seeds and de-emphasize red and processed meats and sugar-sweetened 
beverages were modestly associated with a lower risk of incident postmenopausal breast cancer 
risk. However, they were not associated with premenopausal breast cancer, and the PALEO 
score was not associated with cancer risk regardless of menopausal status. 
 
 
 
 
 



Introduction 
 

In the United States, breast cancer is the most common cancer in women, with ∼1 in 8 
expected to develop the cancer in their lifetime (1). Research addressing modifiable breast cancer 
risk factors has the potential to lower this rate by improving recommendations, policy, and 
advocacy. Dietary intake is considered a risk factor for breast cancer, but the evidence informing 
this topic is inconsistent. Some studies reported an association between dietary patterns and 
breast cancer risk (2–7), and others observed no association (8, 9), with results also differing by 
menopausal status (10, 11). Indeed, these results may be partially explained by different 
methodologic approaches (8). Yet, systematic reviews suggest that a dietary pattern with higher 
intakes of fruits, vegetables, whole grains, nuts, and legumes and lower intakes of sugar-
sweetened beverages and red and processed meats was inversely associated with breast cancer 
risk (9), although some studies did not observe an inverse association (7, 11). This evidence base 
aligns with the 2015 US Dietary Guidelines for Americans, which recommend focusing on the 
overall diet rather than on individual nutrients (12), and these guidelines generally align with 
dietary recommendations for cancer prevention (9, 13, 14). In addition, the 2015 Dietary 
Guidelines for Americans scientific report noted the need to refine these dietary 
recommendations for breast cancer risk and called for further research examining overall dietary 
patterns and the need to consider both pre- and postmenopausal breast cancer risks separately 
due to the hormone-dependent nature of breast cancer (12, 14). 

Therefore, to contribute to the noted evidence gap, we calculated scores for 3 established 
a priori diet quality indexes with a demonstrated link to health outcomes [Alternate 
Mediterranean Diet (aMED) index, Dietary Approach to Stop Hypertension (DASH) score, and 
Alternative Healthy Eating Index–2010 (AHEI-2010] (15). In addition, we calculated a 
Paleolithic diet pattern (PALEO) score, which has a different set of emphases and, to our 
knowledge, has not been investigated in relation to breast cancer risk. We examined each of 
these indexes in relation to incident pre- and postmenopausal breast cancer risk and hypothesized 
that each would be inversely associated with the development of breast cancer. 
 
Methods 
 
Study population 
 

The California Teachers Study (CTS) is an ongoing prospective cohort study consisting 
of 133,479 women aged 22–104 y at enrollment who were current and former public school 
teachers and administrators and who completed a 16-page mailed questionnaire at study entry in 
1995–1996 (16). The use of CTS participants’ data for this analysis was approved by the 
institutional review boards at the City of Hope, the University of Southern California, the Cancer 
Prevention Institute of California (formerly the Northern California Cancer Center), and the 
University of California at Irvine, and by the Committee for the Protection of Human Subjects, 
California Health and Human Services Agency. 
 
Analytic sample 
 

Participants were excluded if they had a self-reported history of diabetes, heart attack, 
stroke, or a cancer diagnosis before baseline (n = 21,139) or had excessive missing dietary data 



(defined as missing dietary data for ≥26 food items out of 103) or extreme caloric intake values 
at <1% or >99% of the population distribution (i.e., <684 kcal/d, >3362 kcal/d) to limit potential 
confounding that may occur and to improve the validity of energy-adjusted dietary measures 
(n=15,381), yielding a final analytic cohort consisting of 96,959 female participants 
(Supplemental Figure 1). 
 
Dietary assessment and computation of dietary indexes 
 

At baseline, a 103-item, semiquantitative FFQ assessed usual dietary habits during the 
preceding year. This instrument was derived from the early version of the Block 95 FFQ and 
consisted of 8 major dietary categories, and has been validated in this cohort (17). This self-
administered questionnaire defined portion sizes and frequency of consumption (i.e., never or <1 
time/mo, 1 time/mo, 2–3 times/mo, 1 time/wk, 2 times/wk, 3–4 times/wk, 5–6 times/wk, every 
day, or ≥2 times/d) for all 103 items. aMED index. The aMED index characterizes an 
individual’s adherence to a Mediterranean-like dietary pattern (18, 19). The aMED was scored 
+1 if intake amounts were greater than or equal to the study population median intake for fruits, 
vegetables, nuts and legumes, fish, and whole grains and MUFA-to-SFA ratio (proxy for olive 
oil intake); it was also scored +1 for intake amounts less than or equal to the median for red and 
processed meats (Supplemental Table 1). Alcohol intake was scored +1 for light to moderate 
intake amounts (i.e., >0–15 g/d). The range of the score was 0–8, with higher scores representing 
higher adherence. Of note, we combined nut and legume categories as previously done to 
account for the few items assessed and the many participants who reported no intake of either 
group (19). In addition, we calculated the index as 7 components, excluding alcohol from the 
index to better account for potential confounding due to its role as a risk factor for breast cancer 
(8). 
 
DASH index.  
 

The DASH dietary index characterizes adherence to a dietary pattern that emphasizes the 
intake of vegetables, fruits, nuts and legumes, whole grains, and low-fat dairy, and de-
emphasizes sodium-rich foods, sweetened beverages, and red and processed meats (20). Each 
participant was scored 1 to 5 for each of the 8 categories on the basis of their ranking into 
quintiles of the overall study population intake. Specifically, for each higher quintile of intake of 
vegetables, fruits, nuts and legumes, whole grains, and low-fat dairy products, participants 
received a score of 1 to 5 (e.g., participants in highest quintile were scored +5). Categories of 
sodium-rich foods, sweetened beverages, and red and processed meats were reverse scored by 
higher quintiles of intake (e.g., participants in highest quintile were scored +1) (Supplemental 
Table 1). The range of the score was 8–40, with higher scores representing higher adherence. 
 
AHEI-2010.  
 

The AHEI was created in 2002 based on foods and nutrients predictive of chronic disease 
risk (21). The index characterizes adherence to a dietary pattern that emphasizes intakes of 
vegetables, fruits, nuts and legumes, whole grains, dietary PUFA intake (overall and long-chain 
n–3 FAs), and no to moderate alcohol intake, and de-emphasizes the intake of trans FAs, red and 
processed meats, sodium, and sweetened beverages. The AHEI-2010 has traditionally been 



composed of 11 components, and the score ranged from 0 to 110 points on the basis of ranking 
the study population into deciles of intake (15, 21). However, we used a modified index as has 
been done previously due to the lack of trans FAs and long-chain n–3 FAs in the CTS nutrient 
database (15). Specifically, each participant was scored 1 to 10 for each of the 9 categories on 
the basis of their ranking into deciles (foods and nutrients) of the overall study population intake. 
For each higher decile of intake of vegetables, fruits, nuts and legumes, and whole grains and 
sum of MUFAs and PUFAs to SFAs (substitute for trans and n–3 FAs), participants received a 
score of 1 to 10 (e.g., participants in the highest decile were scored +10). Alcohol was scored 
+10 for light to moderate alcohol intake (i.e., >0–22.5 g/d), whereas heavy (>22.5 g/d) and 
nondrinkers were scored +0 and +2.5, respectively. Categories of sodium-rich foods, sweetened 
beverages, and red and processed meats were reverse scored by higher deciles of intake (e.g., 
participants in the highest decile were scored +1). In addition, we calculated the index as 8 
components, excluding alcohol from the index to better account for potential confounding due to 
its role as a risk factor for breast cancer (8). The range of the score was 8–90 with alcohol and 8–
80 without alcohol, with higher scores representing higher adherence. Further details are noted in 
Supplemental Table 1. 
 
PALEO index.  
 

The PALEO index characterizes an individual’s adherence to emulating a hunter-
gatherer’s diet of the Paleolithic era. It is hypothesized to be ideal for health from an adaptive 
perspective (22, 23). The composition of the pattern is informed by anthropological evidence 
suggesting that dietary intake during this era was largely vegetables, fruits, nuts and seeds, eggs, 
and meat with little or no grains, legumes, dairy, and alcohol (23). For studying this dietary 
pattern in the context of the present day, the few studies that have created a PALEO index have 
utilized this central concept with subtle variations with similar statistical scoring to the 
aforementioned indexes in this article. The index we created was modeled after these studies 
with minor adjustments (22, 24). Each participant was scored 1 to 5 for each of the 13 categories 
on the basis of their ranking into quintiles of the overall study population intake. Specifically, for 
each higher quintile of intake of vegetables, green leafy vegetables, whole fruits, nuts and seeds, 
fish, and nonfried and unprocessed meat (eggs, red meat, and poultry), participants received a 
score of 1 to 5 (e.g., participants in highest quintile were scored +5). Categories of dairy, 
grains/breads/snacks, sugar-sweetened beverages, sweetened foods, alcohol, legumes, and 
processed and fried meats were reverse scored by higher quintiles of intake (e.g., participants in 
highest quintile of intake were scored +1) (Supplemental Table 1). The range of the score was 
13–65, with higher scores representing higher adherence. 
 
Covariate and confounder assessment 
 

The baseline questionnaire collected self-reported demographic and lifestyle-related 
characteristics (16)—specifically, participants’ race, menopausal status, hormone replacement 
therapy status, age at menarche, family history of breast cancer, BMI (kg/m2), parity status 
(parous or nonparous), oral contraceptive use (never or ever use), smoking status (never, former, 
or current), alcohol intake (grams per day) when not included in the dietary index of interest, and 
physical activity levels (moderate or strenuous intensity). 



Of note, 8500 women reported an unknown menopausal status. Participants who reported 
an unknown menopausal status and reported having a hysterectomy between ages 45 and 55 y 
were classified as being postmenopausal (n = 3024). We used multiple imputation approaches to 
estimate age at menopause for women between the ages of 40 and 60 y who reported an 
unknown menopausal status (n = 5281) (25). Women aged <40 y or >60 y were assigned to 
premenopausal and postmenopausal status, respectively (n = 195). 

The variable serving as a marker of socioeconomic status (SES) was derived by 
combining 4 different domains assessed at baseline. Specifically, the composite SES variable 
incorporated the participants’ residential address to US Census–block data, occupation, 
education, and family income (26). 
 
Incident breast cancer ascertainment 
 

All incident cases were identified through linkage with the California Cancer Registry 
records, a population-based cancer registry for California residents. The state of California 
reports >99% of all cancer diagnoses to the California Cancer Registry for current residents, so 
cohort members are actively followed for cancer outcomes without the need for further contact 
(27). Changes in address were obtained by notifications from participants, annual mailings, and 
record linkages with multiple sources, including the US Postal Service. Breast cancer was 
defined by International Classification of Diseases, 10th revision, codes C50.0–50.9. 
 
Statistical analysis 
 

Multivariable Cox proportional hazards regression models were utilized to estimate HRs 
(95% CIs) of invasive breast cancer according to each of the 4 indexes. The diet quality index 
scores were ranked into quintiles, with the lowest quintile serving as the referent category. 
Women who were at risk at baseline of postmenopausal breast cancer were followed from the 
date they completed the baseline questionnaire until diagnosis with invasive breast cancer, death, 
the end of follow-up (31 December 2011), or loss to follow-up (e.g., moved out of California 
without further follow-up),whichever occurred first. Women at risk of premenopausal breast 
cancer were followed from the date they completed the baseline questionnaire until diagnosis of 
invasive breast cancer during premenopause or until death, end of follow-up, or loss to follow-up 
during their premenopausal period or until reaching menopause. Overall, 9915 participants were 
lost to follow-up and there was no evidence that they differed in baseline exposure or confounder 
status relative to participants who were fully followed up. There was no evidence the 
proportional hazards assumption was violated through modeling interaction terms of follow-up 
time with total diet quality score for each index for premenopausal breast cancer or 
postmenopausal breast cancer. We also tested whether the diet–breast cancer association differed 
by tumor hormone receptor status via statistical tests for interaction and models stratifying on the 
outcome. Tests for trend were carried out across the diet score quintiles by modeling a 
continuous variable assigned to the median value for each diet score quintile. In addition, we 
conducted sensitivity analyses in which breast cancer cases occurring during the first 2, 3, and 5 
y of follow-up were excluded to examine the potential presence of reverse causation in our 
findings. 
 



TABLE 1 Baseline characteristics of premenopausal women participants according to 
quintile of baseline diet quality scores: California Teachers Study1

 



 
1Values are frequencies or means ± SDs. AHEI-2010, Alternative Healthy Eating Index–2010; 
aMED, Alternate Mediterranean Diet; BrC, breast cancer; DASH, Dietary Approaches to Stop 
Hypertension; FHx, family history; OC, oral contraceptive; PALEO, Paleolithic index; SES, 
socioeconomic status. 
 

 
All multivariable Cox proportional hazards regression models were adjusted for the 

following covariates at baseline: age, race (white, black, Hispanic, Native American, 
Asian/Pacific Islander, or unknown), hormone replacement therapy status (no hormone therapy 
usage, past hormone therapy usage, current estrogen therapy usage, current estrogen and 
progesterone usage, or unknown), family history of breast cancer (no first-degree relative, ≥1 
first-degree relative, adopted, or unknown), age at menarche (in years), parity status (nonparous 
or parous), oral contraceptive use (never or ever use), smoking status (never, former, or current), 
SES, physical activity (hours per week; moderate or strenuous), total energy intake (kilocalories 
per day), total alcohol intake (grams of ethanol per day), when applicable, and BMI (kg/m2). The 
first Cox regression model (model 1) included all the above-mentioned covariates except for 
BMI. Model 2 additionally adjusted for BMI, which may be in the causal pathway between diet 
and the development of breast cancer (28). Pearson’s correlation coefficients were calculated 
among the 4 indexes. All statistical tests were 2-sided and conducted with SAS software (version 
9.3; SAS Institute). 
 
Results 
 

The study analytic sample of 96,959 participants were aged 52 ± 14 y, on average, and 
were followed for 1,354,947 person-years; 4826 developed invasive breast cancer during follow-
up. Baseline characteristics and HRs are presented separately for premenopausal breast cancer 
risk and postmenopausal breast cancer risk because there was evidence that the association 
differed. The scoring details for each dietary pattern are presented in Supplemental Table 1. 
Dietary characteristics according to the 4 dietary pattern scores are reported in Supplemental 
Tables 2 and 3, and the correlations among the 4 indexes are presented in Supplemental Table 4. 

Of the 96,959 participants, 42,517 were premenopausal at baseline and 346 developed 
invasive breast cancer during the premenopausal period with 292,943 y of follow-up. Table 1 
reports baseline characteristics for participants at risk of premenopausal breast cancer according 
to quintiles of the dietary pattern scores. In the 54,442 participants who were at risk of 
postmenopausal breast cancer at baseline, 3523 developed the cancer during 728,233 follow-up 
y. Table 2 reports baseline characteristics for participants at risk of postmenopausal breast cancer 
according to quintiles of the dietary pattern scores. 

Table 3 shows HRs for the incidence of premenopausal breast cancer according to 
quintiles of the diet quality scores. Overall, there was no association between any of the scores 
and incident premenopausal breast cancer. Table 4 shows HRs for the incidence of 



postmenopausal breast cancer according to quintiles of the diet quality scores. There were similar 
modest inverse associations between higher aMED, DASH, and AHEI-2010 scores with the risk 
of developing postmenopausal breast cancer. However, there was no association between 
PALEO scores and risk of breast cancer. Adjustment for BMI did not materially change the 
estimates, although it tended to expand the upper 95% CI across 1.0. 

Analyses that tested whether the associations between the scores and pre- and 
postmenopausal breast cancer differed by the tumor hormone receptor status of the cases 
provided no evidence that associations differed, because the P value for the statistical interaction 
was >0.88 across all diet scores and stratified analyses did not provide any evidence that the 
results differed (results not shown). Further analyses that excluded cases that occurred with the 
first 2, 3, and 5 y of follow-up did not materially alter any of the findings. 
 
 
Discussion 
 

In a population of women in the CTS, we observed a modest inverse association between 
higher scores on 3 different diet indexes that emphasize higher intakes of whole grains, 
vegetables and fruits, legumes, and nuts and seeds, and de-emphasize red and processed meats 
and sugar-sweetened beverages and the risk of incident postmenopausal breast cancer; 
adjustment for BMI did not materially affect the association but it tended to expand the upper 
95% CI bounds across 1.0, precluding strong inference from these estimates. We observed no 
association between a PALEO score and the risk of postmenopausal breast cancer, and no 
association between any diet score and premenopausal breast cancer risk. 

These results for the diet–postmenopausal breast cancer risk analyses in this study align 
with previous research that examined the diet–postmenopausal breast cancer risk association. In 
the Nurses’ Health Study (NHS), higher DASH and AHEI diet quality scores were associated 
with lower postmenopausal breast cancer risk (18, 20). In addition, higher AHEI scores were 
inversely associated with postmenopausal breast cancer risk among women in a family-based 
Canadian cohort study (29). Higher aMED index scores have also been associated with a lower 
risk of postmenopausal breast cancer in previous cohort and case-control studies (30–33). 
Furthermore, evidence from the Prevención con Dieta Mediterránea (PREDIMED) trial showed 
that postmenopausal female participants randomly assigned to consume a Mediterranean diet 
reduced their risk of developing invasive breast cancer when compared with controls (HR: 0.43; 
95% CI: 0.21, 0.88) (34). Overall, these results tend to align with the conclusion of current 
systematic reviews and meta-analyses on the topic (9). 

The results for the diet–premenopausal breast cancer risk analyses in this study are also 
largely inconsistent with the minimal evidence base on the topic. Three prospective cohort 
studies found no evidence for the association between higher aMED, DASH, and AHEI scores 
and premenopausal breast cancer risk (30, 35, 36). Notably, the Swedish Women’s Lifestyle and 
Health cohort study found higher aMED scores to be associated with an ∼2-fold increase in the 
risk of premenopausal breast cancer (37). In addition, related research that used a posteriori–
defined dietary pattern analysis methods to examine diet–premenopausal breast cancer risk 
associations have generally observed that higher scores on patterns with higher intakes of whole 
grains, vegetables and fruits, legumes, and nuts and seeds and lower intakes of red and processed 
meats and sugar-sweetened beverages are not associated with premenopausal breast cancer (4, 
11, 35, 38, 39). Three of the 4 diet quality scores (AHEI-2010, DASH, and aMED) included in 



TABLE 2 Baseline characteristics of postmenopausal women participants according to 
quintile of baseline diet quality scores: California Teachers Study1

 



 
1Values are frequencies or means ± SDs. AHEI-2010, Alternative Healthy Eating Index–2010; 
aMED, Alternate Mediterranean Diet; BrC, breast cancer; DASH, Dietary Approaches to Stop 
Hypertension; FHx, family history; HRT, hormone replacement therapy; OC, oral contraceptive; 
PALEO, Paleolithic index; SES, socioeconomic status. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



TABLE 3 HRs (95% CIs) of invasive premenopausal breast cancer according to diet 
quality scores in women: California Teachers Study1 

 
1n = 42,517. AHEI-2010, Alternative Healthy Eating Index–2010; aMED, Alternate 
Mediterranean Diet; DASH, Dietary Approaches to Stop Hypertension; PALEO, Paleolithic 
index; Q, quintile; Ref, reference. 
2Adjusted for age at baseline, race, breast cancer family history, age at menarche, oral 
contraceptive use, parity status, smoking status, socioeconomic status, physical activity, total 
energy intake (kilocalories per day), and total alcohol intake (grams of ethanol per day) (for 
dietary indexes without alcohol intake). 
3Adjusted as for model 1 and also adjusted for BMI at baseline. 
4Dietary index formulated without the inclusion of alcohol intake and alcohol included as 
covariate (total alcohol; grams of ethanol per day) in the multivariable models. 



TABLE 4 HRs (95% CIs) of invasive postmenopausal breast cancer according to diet quality 
scores in women: California Teachers Study1 

 

1n = 54,442. AHEI-2010, Alternative Healthy Eating Index–2010; aMED, Alternate 
Mediterranean Diet; DASH, Dietary Approaches to Stop Hypertension; PALEO, 
Paleolithic index; Q, quintile; Ref, reference. 
2Adjusted for age at baseline, race, breast cancer family history, age at menarche, oral 
contraceptive use, parity status, smoking status, socioeconomic status, physical activity, total 
energy intake (kilocalories per day), and total alcohol intake (grams of ethanol per day) (for 
dietary indexes without alcohol intake). 
3Adjusted as for model 1 and also adjusted for BMI at baseline. 
4Dietary index formulated without the inclusion of alcohol intake and alcohol included as a 
covariate (total alcohol; grams of ethanol per day) in the multivariable models. 



this study showed modest inverse associations with breast cancer risk in postmenopausal women. 
These 3 diet scores generally overlap in their recommendations for various food groups, such as 
higher intakes of whole grains, fruits and vegetables, legumes, and nuts and seeds and lower 
intakes of sweetened beverages and red and processed meats. Our results suggest that higher 
intakes of similar components among these diet quality scores (aMED, DASH, and AHEI-2010) 
may have a preventive role in postmenopausal breast cancer. 

The examination of the PALEO index with breast cancer risk was a novel aspect of this 
study, albeit there was no association with breast cancer. However, these null results may 
provide insight into differences in associations from the tested diet quality scores. The PALEO 
index emphasizes intakes of vegetables, green leafy vegetables, whole fruits, nuts and seeds, fish, 
eggs, and nonfried and unprocessed meat (red meat and poultry) and de-emphasizes processed 
and fried meats, cereals, sweet foods, breads, snacks and grains, and alcohol. Higher whole-grain 
and legume intake is not emphasized in the PALEO index as in the comparative indexes and may 
explain some of the lack of association between the PALEO index and breast cancer risk, 
because previous research has shown a strong inverse association between consistent 
consumption of whole grains and the risk of breast cancer by 51% (OR for >7 times/wk 
compared with never or rarely: 0.49; 95% CI: 0.29, 0.82) (40). Furthermore, higher whole-grain 
intake has a large body of evidence both from observational and experimental studies supporting 
beneficial effects on pathways such as insulin resistance, oxidative stress, and inflammation, 
which are thought to contribute to breast cancer carcinogenesis (41, 42). In addition, higher red 
meat intake has been associated with an increased risk of breast cancer (43), and this dietary 
element is emphasized in the PALEO pattern score. There are several strengths of this study. It is 
a prospective study with a long period of follow-up. The large sample size and number of cases 
provided ample statistical power to investigate diet and incident breast cancer risk (16). The 
dietary data collected have been shown to be reliable and valid (17), and the use of dietary 
pattern scores to study the diet–breast cancer relation may be more effectively translated into 
population-based recommendations. We also had the ability to examine breast cancer by 
hormone receptor status, although overall diet quality was not associated with the risk of breast 
cancer subtype groups, a finding consistent with previous dietary analyses from the cohort (2). 

Limitations include some degree of measurement error with the dietary assessment, 
although this likely represents nondifferential misclassification with respect to disease status, 
pushing estimates toward the null. We also had to exclude ∼15% of the study population due to 
inadequate dietary data for analysis, and another 10.2% of the analytic population were lost to 
follow-up, although they did not differ in any material way from the analytic population with 
ascertained cancer status. The self-report of other lifestyle-related data may also result in 
misclassification and residual confounding in our models. In addition, changes in BMI and diet 
occurring after baseline would further inform the study results but were not available. 

In conclusion, diet quality indexes that emphasize higher intakes of whole grains, 
vegetables and fruits, legumes, and nuts and seeds and de-emphasize red and processed meats 
and sweetened foods were modestly associated with a lower risk of incident postmenopausal 
breast cancer, and there was no association between the PALEO diet score and the risk of 
postmenopausal breast cancer, and no association between any diet score and premenopausal 
breast cancer risk. 
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